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•  Overview of LANSCE Target, Moderator, Reflector 
•  Overview of hydrogen moderator system 

•  Drawings, pictures, equipment 
•  Operations 
•  Safety 
•  Helium System 
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LANSCE Facility Overview 
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1L Target Cell Layout 
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TMRS Mark III Components 
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1L Target Facility Layout 
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Hydrogen System P&ID 
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Gas Handling System 

•  Hydrogen cabinet consists of 
cylinders, regulators, relief 
valves, hand valves, pneumatic 
valves all inside of an explosion 
proof cabinet that is plumbed to 
atmosphere. 

•  When possible, all tubing/
components are welded.  When 
not possible, VCR fittings are 
used.  

•  Ancillary gas system consists of 
ultra pure helium for cleaning/
purging the H2 system, nitrogen 
for valve control, ultra pure 
helium for vent purge, and ultra 
pure helium for crypt flood.  
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Hydrogen Cold Box – Hydrogen to Helium Heat 
Exchanger 

•  Manufactured by Eden 
Cryogenics. 

•  Dual loops allows for double 
the capacity or can serve as a 
ready spare. 

•  One refrigerator can be 
plumbed to cool separate H2 
loops or combined to add 
extra capacity to one H2 loop.  

•  Designed with externally 
removable Barber-Nichols 
hydrogen pumps. 

•  Redundant silicone diode and 
platinum resistor 
thermometry. 
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Hydrogen Cold Box P&ID 
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Pressure Controls System 

•  Vent and relief system consists of 4 valves. 
•  Tier 1 - normally closed throttled pneumatic 

valve that automatically opens at 216 psia and 
closes at 211 psa.  It’s used as the primary 
system pressure control valve. 

•  Tier 2 is a large normally open pneumatic valve 
that automatically opens at 221 psia and closes 
at 220 psia.  If cycled quickly, pressure usually 
drops below 200 psia.  If left open, system 
pressure drops to zero rapidly (a couple 
seconds). This is the emergency shutdown vent 
valve.    

•  Tier 3 is a mechanical relief valve set to 220 
psig.  Used in the event that control valves fail. 

•  Tier 4 is a rupture disk set to 264 psig.    
•  Atmosphere side of vent valves is purged 

with .5 scf/hr ultra pure helium gas at all 
times.    
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Transfer Lines 

•  41 feet transfer lines 
manufactured by PHPK. 

•  H2 transfer is through 3/4” OD 
inner H2 pressure tubing with a 
2” OD single outer vacuum 
insulation jacket – no helium 
buffer jacket. 
•  If a hydrogen leak occurs in tubing, 

insulating vacuum interlocks will 
automatically vent the hydrogen system 
is vacuum increases to 50 mTorr. 

•  For transfer lines under the seal plate, if 
insulating vacuum increases above 50 
mTorr and crypt vacuum increases 
above 50 Torr, the crypt will be flooded 
with helium to keep the environment 
inert.   
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Hydrogen Operating Parameters 

•  Total liquid hydrogen volume is about 12 liters. 
•  Supply temperature is a nominal 20 Kelvin. 
•  System pressure fluctuates depending on beam transients.  We aim 

for a nominal 187 psia (critical pressure of hydrogen to maintain single 
phase) but beam transients usually fluctuate pressure between 150 
and 210 psia. 

•  Mass flow rate is calculated to be about 6 gm/sec. 
•  Installed turbine flow meter has never worked.  Previous turbine flow 

meter also didn’t work. Flow rate data obtained from watching 
thermometry change temperature after beam on/off periods.       

•  Beam associated heating is about 2.13 watts/uA. 
•  Residual heat load from the system was once calculated to be about 150 

watts. 
•  Helium refrigerator performance is the largest variable as it’s cooling 

output can fluctuate by several hundred watts if not running well (intake/
exhaust valves slip and contaminants in helium are the usual culprits)!! 



Los Alamos National Laboratory 

3/7/18   |   15 

Operations 

•  Completion of formal qualification program required for operating the 
system. 

•  Step by step operating procedure for every operational evolution.   
•  Preparations to establish gas operating systems, vacuum systems, 

pumps, heaters, and safety systems. 
•  Startup includes cleanup of the hydrogen loop to remove contaminants. 
•  Cooldown and Operations includes steps to condense hydrogen, adding 

gas, and drawing ortho-para sample. 
•  Shutdown includes venting and securing support systems. 
•  Abnormal Conditions includes how to respond to an emergency shutdown, 

alarms, and operational anomalies such as frozen hydrogen. 
•  General Procedures specifies how to swap cylinders, purge lines, perform 

vacuum and pressure tests, and calibrate combustible gas sensors.  
•  Interlock Checks tests function of the emergency shutdown system and 

helium flood system.   
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Operations 

•  Parameters and consumables monitored twice daily during work week 
and once daily during weekend.  EPICS allows for real-time tracking 
and trending of system performance. 

•  Short but frequent downtime is typically a result of small system vents 
due to poor pressure control. 

•  New pressure control development is underway 
•  Long but infrequent downtime is a result of helium refrigerator 

problems, contaminated helium or hydrogen gas, or power outages. 
•  Maintenance is performed annually (after about 5000 hours operation) 
•  We have had many problem in the past with gas supplies providing 

contaminated gas.    
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Heat/Pressure Control 

•  From beam on to off condition, pressure indication immediately 
drops but temperature indication takes 35 seconds to respond. 
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Heat/Pressure Control 

•  Hydrogen heaters are metal blocks with 2 500W cartridge strapped to 
the outside of the SS H2 tube.  Previously used copper blocks but 
larger thermal mass caused slow response.  Currently have 1100 
aluminum blocks but thermal contact from aluminum to SS is poor. 

•  Can’t use immersion heaters because of ignition source.    
•  We are developing a new PID loop that uses predictors such as beam 

on/off, and pressure to drive the helium heater for a quicker response.   
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Hydrogen Safety 
 
•  National Fire Protection Code (NFPC 50C) “Standard for Liquefied H2 

Systems at Consumer Sites” specifies that a hydrogen containing 
vessel be located 25 feet away from ignition sources and an intake to 
building ventilation. 

•  The mission and codes have evolved over the years and these 
requirements weren’t initially considered.  

•  In 1999 a compliance plan was generated to address the safety 
concern. 

•  The H2 heat exchanger (cold box) and associated plumbing is now 
contained in a non-combustible tent to isolate it from electrical devices 
and the building air intake. 

•  The volume inside the tent is ventilated with an explosion-proof fan that 
also concentrates the flow past the combustible gas detector. The fan and 
the gas detectors both include a battery backup power source in the event 
of a power outage. 
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•  A combustible gas detection system continuously monitors ambient air 
for the presence of a H2 leak from the 1L Hydrogen Moderator System. 

•  Detectors located near non welded joints and ventilation intakes.  
•  At 25% of the LEL, the hydrogen moderator system will automatically 

SCRAM, which vents the H2 gas in the system through a dedicated vent, 
shut off the heater  and circulator, activate the service area evacuation 
alarm, and turn off the proton beam.  

•  Designed to meet the requirements of “explosion proof” Class I, Groups A, 
B, C, and D, Division 1, as specified by the NEC. 

•  Hydrogen detection to SCRAM circuitry all safety rated relays; no 
software.  A hardware based system eliminates the need for a software 
QA program.  

•  Our system was a complete retrofit to adapt to changing mission and 
codes.   
•  Lessons learned –it’s tough to predict future mission and code changes so 

plan in a little wiggle room, if possible. 
 
 

•  Lesson learned – retrofitting is hard.  It hard to predict future mission 
and code changes.  

Hydrogen Safety Continued 
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Helium System Overview 

•  Helium gas is compressed and delivered to the refrigerator at 
approximately 240 psig (16.5 bar) 

•  Gas is cooled in vacuum insulated refrigerator by: 
•  Liquid nitrogen precooling 
•  Heat transfer in the main heat exchanger 
•  Two expansion engines 

•  Cold helium gas exits the refrigerator at about 18 Kelvin and 3 psig (.2 
bar ) to provide  about 900 watts of cooling for the hydrogen system. 

•  Major equipment (all located outside of the exclusion area) 
•  Two Linde LR1620S Helium Gas Refrigerators (one is a spare) 
•  Two Linde RS Helium Compressors  
•  Supply and return vacuum insulated helium transfer lines fabricated by 

PHPK each 12 meters long. 
•  Instrumentation   

•  Silicone diode thermometry, pressure transducers, and heater current 
output are used to monitor system performance. 
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Example of Changing Refrigerator Performance 
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Helium System P&ID 
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